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Cross-linking reagents were used to further char- 
acterize the murine B cell receptor for the Pc portion 
of IgE (Fcjl) and compare this receptor to the weU- 
characterized high-affinity FcJ< on rat basophilic 
leukemia (RBL) ceUs. The disulfide cleavable and 
noncleavable reagents 3,3'-dithiohis(sulfosuccin- 
imidyl) propionate mrSSP) and I>is(sulfosuccin- 
imidyl) suberate (BS^) were used. With these re- 
agents, efficient cross-linking of the a component of 
the high-affinity RBL Fcjl to the membrane-buried 
fi and y components occurred only if the membrane 
was solubilized before the cross-linking reaction. In 
studies with purified murine B cells, IgE could be 
cross-linked to the Fc.R on intact cells with either 
DTSSP or BS^. Under the same conditions, up to 1 0% 
of the B cell surface immunoglobulin (sig) (both IgM 
and IgD) was also found to cross-link to a portion of 
the I^/Fc,R complex, suggesting that on the intact 
murine B cell the FcJr is frequently in dose asso- 
ciation with sIg. The B cell Fc.R was also examined 
for the presence of receptor-associated proteins. 
Under conditions where the high-affinity RBL Fc«R 
was substantially cross-linked to the a, y com- 
plex, no evidence was seen for similar cross-linking 
of the B cell Fc«R. Cross-linking experiments on 
affinity-ptuified Fc.R preparations also gave no evi- 
dence for receptor-associated proteins with the B 
cell Fc.R, although evidence for receptor-receptor 
association was seen. Thus, these data further sup- 
port the concept that there may be little relationship 
between the high-affinity mast cell/basophil FcR 
and the low-affinity lymphocyte Fc«R. 
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were initially described in the human system by Gonza- 
lez-MoIina and Splegelberg (1). Further investigation 
demonstrated the presence of the low-affinity Fc.R on 
subpopulations of B cells. T cells, and monocyte/macro- 
phages in various species (reviewed In Reference 2). The 
finding that the murine B cell Fc.R has a relatively high 
affinity for IgE (Ka = 10* M"^) (3) and that its expression 
is enhanced by prior parasite infection (4) made the mu- 
rine model attractive for further studies. Recently, the 
murine B cell Fc«R has b^gun to be biochemically char- 
acterized. We have showed that the surface-exposed Fc,R 
consists of a single 45-kllodalton (45kd) to 60kd polypep- 
tide specific for IgE (5) and that in its solubilized form the 
receptor is functionally multivalent (6). 

In this report we continue the study of the murine B 
cell Fc,R by investigating its structure with chemical 
cross-linking reagents. The studies indicate that the Fcjl 
exhibits a spatial relationship with immunoglobulin (Ig) 
on the B cell surface in that a relatively high percentage 
of the B cell Fc,R becomes consistently cross-linked to 
surface Ig (s^. This interaction does not appear to be 
maintained if the cell membranes are disrupted by non- 
Ionic detergent in that cell extracts do not exhibit a 
similar cross-linking pattern. Further studies indicate 
that the B cell receptor does not appear to contain mem- 
bane-burled components analogous to the 0 and y sub- 
units of the well-characterized high-affinity mast cell/ 
Isasophil FcR (7. 8). Finally, we report that the murine B 
cell Fcji in its solubilized state forms discrete complexes 
that may provide an explanation for the previously de- 
scribed multivalency (6). 

MATERIALS AND METHODS 

Antibodies and immunosorbents. Rat IgE was purified from IR 
162 ascites by the method described by Isersky et at (9). Where 
Indicated. It was coupled, as described (5). to Affl-Gel-10 (Affl; Bio- 
Rad Laboratories, Richmond, CA). Purified mouse IgE specific for 
DNP, from the hybridoma Hl-DNP-<-26 (10), and polyclonal an ti sera 
directed agatnst mouse IgM and mouse Ig were generously provided 
by Dr. K. Ishizaka. Bovine serum albumin (BSA) was reacted with 
trinltrobenzenesuifonate (TNP) to give TNP'^-BSA (11). and the re- 
sulting material was coupled to Affl at a concentration of 2 mg/ml 
Affl (TNP*BSA-Aff 1). The anti-mouse Ig was used as either F{ah% or 
Intact preparations: the antl-IgM was coupled to Affl. Monoclonal 
anU-IgD was a gift from Becton-EHcklnson Laboratories (Sunn3nfale, 
CA). Monoclonal antitxxly specific for the Fab' region of the rat IgE. 
described by Conrad et at (12), was used. Rabbit anti-mouse IgE 
(RAME) was affinity purified on a mouse IgJE column. For use In 
some of the cross-Unking experiments with rat basophilic leukemia 
(RBL) cells, rat IgE was amldlnated with the use of HCl-methyl 
acetimidate (Pierce Chemical. Rockford, IL) by employing the method 
of Wofsy and Singer (13) as modified by Holowka et oL (7). Amldl- 
nated IgB could not be used wlUi murine B cells (see Results). 
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Cells. RBL cells from the 2H3 subline (14) were maintained In 
Eagle's MEM containing 10% fetal bovine serum (FBS), 2 mM glu- 
tamlne, 100 U/ml penicillin. 100|ig/ml streptomycin, and 10 ^ml 
gentamlcln. Murine B cell preparations were made by using the 
spleens from BALB/c mice (Charles River Laboratories, Wilmington, 
MA) that were injected subcutaneously 12 to 16 days previously with 
800 Nippostrongylus brastltensts larvae. The purification of the B 
cells was as described (5). The resulting cell preparations were 98% 
viable and 75 to 80% sig positive. 

Isolation of the cell siirf€ice FcM and cross-Unklng methodology. 
Samples of RBL cells (2 to 4 X 10') or purified murine B cells (1 to 2 
X 10") were suspended in 1 ml of phosphate-buffered saline (PBS) 
and were surface radlodlnated with carrier-free '"I (Amersham 
Searle Corp.. Arlington Heights. ILJ with the use of the lactoperoxl- 
dasc system as described (15). Either before or after c:ross-linking. 
the cells were solubillzed with one of the following two detergent 
tniffer systems: a) lysis buffer (PBS containing 0.5% Nonidet P-40 
INP-40] and protease inhibitors as described (5) (the 50 mM f-ami- 
nocaprolc acid also served to quench cross-linking reactions — see 
below): b) PO4 lysis buffer (0.106 M sodium phosphate. pH 7.4 (PO4 
bufferj containing 0.5% NP-40 and 1 mM phcnylmethylsulfonyl- 
fluoride [PMSFJ). Chemical cross-Unking was performed at the a) 
Intact cell, b) solubillzed cell extract, or c) purlf led-receptor state. In 
the first two instances, cells were Incubated for 2 hr with excess IgE 
(either normal or amidinated). After washing with PO4 buffer, the 
cells were either solubillzed with 1 ml PO4 lysis buffer or immediately 
resuspended to ) ml in PO4 buffer and incubated with 3 to 10 
mM 3.3'-dlthlob£s(sulfosucclnimidyl propionate) (DTSSP) or bis- 
(sulfosucclnlmldyl) suljcrate (BS^) for 30 mln at O^'C. These are 
homobifunctional. cross-Unking reagents that are cleavable or non- 
cleavable. respectively, by reduction of an internal disulphidc bond. 
Both DTSSP and BS^were originally received as gifts from Mr. E. 
Fujimoto and later were purchased from Pierce Chemical Co. Dose- 
response and kinetic studies performed on the RBL cell established 
the concentration (3 to 10 mM of cross-Unker and the time of cross- 
linking (30 mln at O^C) as optimal In this system. Quenching of the 
intact cell cross-linking reactions was accomplished by washing the 
cells with trls-saline (0.025 M trls. 0.14 M NaCI. pH 7.4), followed 
by solubilization In lysis buffer and Immunopreclpitation with mon- 
oclonal anti-rat IgE and protein A-bearing Staphylococcus aureus 
(Staph a). The quenching of receptor cross-linking in the fluid phase 
was accomplished by the addition of lysis buffer supplemented with 
50 mM arglnine followed by immunopreclpitation as above. 

In some experiments, radiolabeled cells were first solubillzed in 
either of the deteiigent systems and the clarified lysate was rotated 
with rat IgE-Aff I for 2 hr to overnight. The immunosorbent was then 
placed In a small column and washed with approximately 100 bed 
volumes of the corresponding wash buffer (PBS containing 0.5% NP- 
40). The bound matertal was eluted by using the protocol of Kulczyckl 
(16). Elutlon was accomplished with 0.2 N acetic acid containing 
0.5% NP-40. NP-40-contalning samples were immediately neutral- 
ized with 1 M N-2-hydrQX3Wthylplperazlne-N'-2-ethanesulfonlc add 
(HEPES)/0.5% NP-40. Cross*llnklng of affinity-purified receptor 
preparations was performed by addition of the cross-Unking reagent 
to the desired concentration for 30 mln at O^'C. followed by quenching 
the cross-Unklng reaction with lysis buffer containing 50 mM argl- 
nine. 

Double cross-Unking experiments. Rat IgE was Incubated with 
surface-radlolabeled B cells or RBL cells as above. The cells were 
washed three times with PO4 buffer and Incubated with 5 mM DTSSP 
for 30 min on ice. followed by an addltloruil 30-mIn period In which 
DTSSP was again added to increase the concentration of DTSSP to 
10 mM. The reaction was quenched by washing with trls-sallne, 
reequlUbraied with PO4 buff er by washing two times, and solubllized 
with PO4 lysis buffer. The clarified lysate was divided Into two parts 
and Incubated with or without 5 mM BS^ for 30 mln on ice. The 
reaction was quenched with lysis buffer, and immunopreclpitation 
with monoclonal anti-rat IgE was performed as above. 

Biosynthettc labeling. RBL cells were grown In 75-cm* flasks to 
confluency and subsequently were cultured overnight in RPMI 1640 
medium containing 10% dialyzed FBS and 16 MCi/ml |'H) L-amino 
acid mixture (ICN Radiochemicals, Irvine. CA). The RPMI media was 
prepared from a select-amlne kit (GIBCO. Grand Island. NY) and 
lacked the following amino acids.- isoleuclne. leucine, valine, phen- 
ylalanine, serine, and tyrosine. Antl-DNP mouse IgE (10 Mg/ml) was 
added, and after 90 min at 37*'C. the cells (5 x 10") were collected, 
washed two times with PO4 buffer, lyscd with PO4 lysis buffer, and 
cross-linked wtth 5 mM ETTSSP as described above. After quenching, 
the sample was mixed for 30 mln with BSA-Affl, and the superna- 
tant plus one wash was added to TNP-BSA-Aff I. After mixing for 45 
mJn (4*'C). the adsorbant was added to a disposable column and 
washed with 1 00 bed volumes of PBS/NP-40. and the t)Ound material 
was eluted with 0.1 M DNP in PBS/NP-40. pH 7.4. After a clearing 



precipitation with human IgE (8 ^ and 10 ^ of affinity-purified 
rabbit anti-human IgE. the receptor complex was precipitated with 
affinity-purified RAME and Staph a. 

Analysis of membmne Ig. A sample of surface-radlolabeled B 
cells was solublUzed, and the sIg was Immunopreclpltated with 
rabbit anti-mouse Ig and Staph a. The remaining cells were Incu- 
bated for 2 hr with rat IgE and were subsequently treated with 5 
mM DTSSP either before or after solubilization with PO4 lysis-buffer. 
The IgE/Fc«R complex was immunopreclpltated as above, and all 
precipitates were analyzed by polyacrylamide gel electrophoresis in 
the presence of sodium dodec^n sulfate (SDS-PAGE) after reducUon 
of disulfide bonds. The respective x-ray films (see below) were ana- 
lyzed by densitometry, and the contribution of individual compo- 
nents was determined by cutting and weighing the corresponding 
bands. By this procedure, 95% of the radioactivity In the anti-ig 
precipitate was found In the sIg bands (^. A. and L chains), and this 
correction allowed calculation of the total cpm In sIg In the respective 
B cell sample. 

In other experiments, the percentage of Fc,R cross-linked to sIg 
was determined. Radiolabeled B cells (4 x 10*) were incubated with 
antl-DNP mouse IgE for 2 hr and after washing, the Intact cells were 
treated with DTSSP as above, then were solublUzed with lysis buffer, 
and the Fc.R complex was isolated by affinity binding to a TNP-BSA- 
Affi column. Elutlon was accomplished with O.I M DNP as described 
above. The eluted fractions were equally divided: the sIg was removed 
from one sample by repeated (three times) immunopreclpitation with 
antl-^. antl-5. and Staph a; the control sample received Staph a only. 
The IgE/Fc,R complex was then Immunopreclpltated by adding 
RAME and Staph a. and the washed Immunoprecipltates were ana- 
lyzed by SDS-PAGE. DensltometrIc tracings were obtained and an- 
alyzed as above except that in these experiments the percentage of 
cpm attributable to the Fc.R after slg removal was determined. 

SDS'PAGE, Samples Isolated by affinity chromatography were 
dialyzed against distilled water and lyophyUzed In a speed vac (Sa- 
vant Instruments. Hicks ville. NY). Excess detergent was removed by 
acetone extraction (17). and the samples were prepared for SDS- 
PAGE by boiling for 90 sec in sample buffer. Staph a-immunopre- 
cipitated samples were treated similarly except that the Staph a was 
removed by centrlfugatlon before application to the gel. Where ap- 
plicable, samples were reduced by the addition of 5% 2-mercaptoeth- 
anol (2-ME). SDS-PAGE was performed with either slab or tube gels 
as Indicated. Unless otherwise indicated slab gels were .1 .5-mm 8 to 
16% acrylamide gradient slab gels prepared and run as described 
(18). Molecular weight standards were coelectrophoresed with each 
run. The stained gels were dried by using a Bio-Rad model 224 gel 
dryer, and radioautography was performed at -70®C by using Kodak 
XAR-5 x-ray film and Dupont lightening plus intensifying screens 
(DuPont de Nemours Co., Wilmington, DE). Development was per- 
formed as described (18), and autoradlograms were scanned with a 
model GS-300 gel scanner (Hoeffler Scientific Instruments. San 
Francisco. CA). Tritium-containing samples were run on 1 5% acryl- 
amide tube gels. FoUowing the run. the gels were sliced into 2-mm 
slices and placed In a scintillation vial, and 0.5 ml NCS tissue 
solubilizer was added. After two hr at 55°C, 10 ml of Biocount 
(Research Products. Inc., Mount Prospect. IL) and 50 tiX of acetic acid 
were added, and the samples were counted in a Packard Model 300C 
liquid scintillation counter (Packard Instruments Co.. Downers 
Grove. IL). 

RESULTS 

Analysis of the cross-linking ability of DTSSP and 
fiS^. The initial objective of these studies was to e?canilne 
the murine Ijmiphocyte Fc.R for the presence of receptor- 
associated polypeptides other than the 49kd component 
previously described. Before doing so, we first tested the 
AT-hydroxy-succlnlmidyl (NHS)-type cross-linking re- 
agents, DTSSP and BS^. by using the hlgh-afflnlty Fc.R 
from RBL cells. Surface labeled RBL cells were divided 
Into two equal portions. Incubated with amidinated rat 
IgE for 2 hr, and washed to remove unbound IgE. One 
portion was resuspended in PO4 buffer and cross-linked 
with 5 mM DTSSP and subsequently quenched with lysis 
buffer containing 50 mM arginlne. The second portion 
was solubillzed in FO4 lysis buffer, clarified by centrlfu- 
gatlon. and the cell lysate was cross-linked similarly to 
the Intact cells with 5 mM DTSSP. The IgE/Fc.R com- 
plexes were then immunopreclpltated and examined by 
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Figure 1. Confirmation of membrane impermeant nature of cross- 
linking reagents. Amidlnated rat IgE was incubated with surface-labeled 
RBL cells (4 x 10^): after washing, cells were treated with 5 mM DHTSSP 
either (A) before or (B) after membrane solubilization with NP-40. IgE/ 
Fc,R complexes were then Isolated from detergent lysates by specific 
Immunopreclpltatlon and were analyzed by SI>S-PAGE slab gels. Migra- 
tion position of m.w. standards (in kilodaltons) co-electrophoresed on the 
same gel Is shown by arrows. 



SDS-PAGE. Figure 1 shows that, in agreement with Sta- 
ros (19). DTSSP is membrane impermeable. In similar 
experiments. BS^ behaved Identically. When cross-link- 
ing was performed on intact cells, only the ~58kd band 
previously shown to be the a subunit of the high-affinity 
Fc.R was present (Fig. lA). However, when cross-linking 
was performed on the solubilized receptor, the apparent 
m.w. shifted upward to lOOkd in this gel system (Fig. 
IB). In the presence of 2-ME. the lOOkd band is reduced 
to the 'v58kd band, similar to that seen in Figure lA. 
Holowka. Perez-Montfort. and co-workers (7. 8) have 
demonstrated that this higher m.w. form consists of a 
cross-linked complex containing the ligand binding a 
subunit and the p and y subunits of the receptor. These 
associated subunits are not exposed at the cell surface 
and thus are not susceptible to surface iodlnation; how- 
ever, they can be visualized by biosynthetic labeling with 
|^H]-amlno acids. Figure 2 demonstrates the presence of 
the ff and y components in the DTSSP cross-linked prod- 
uct- Biosynthetically labeled Fcji was purified and ana- 
lyzed by SDS-PAGE. In the presence of 2-ME. three peaks 
are seen with m.w, of --SSkd, 35kd. and llkd. corre- 
sponding to the Fc«R a, /3. and y comp>onents, respectively. 
In the absence of 2-ME, the (^HJ radlolabel remained at 
the top of the gel (data not shown). Thus. DTSSP and BS^ 
perform in a manner similar to the previously used imi- 
dates with the exception that they are membrane imper- 
meable. 

Cross-linking of IgB to the B cell Fc.R. Experiments 
with Intact B cells were performed to determine If the B 
cell IgE/Fc.R complex would cross-link to other surface- 
exposed components. Surface-labeled B cells were incu- 
bated with rat IgE for 2 hr and after one wash with PO4 
buffer, the cells were treated with 5 mM DTSSP for 30 
min at 0°C and subsequently were solubilized with lysis 
buffer. A second identical sample of labeled B cells was 
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Figure 2. Determination of aross-llnked RBL FcR components. RBL 
cells, grown as adherent monolayerB. were cultured overnight in the 
presence of f^HI-amlno actd mixture; after 90-mln Incubation at 37^ 
with a saturating amount of antt-DNP mouse IgE. cells (5 x 10*) were 
harvested, washed free of unbound IgE. and after membrane solubiliza- 
tion, treated with 5 mM DTSSP. IgE/Fc«R complexes were then isolated 
ygy affinity chromatisgraphy on TNP-BSA-AffI followed by immunoprecip* 
Itatlon of DNP eluate. Samples were analyzed on a 15% tube gel. and 
radioactivity was measured In gel slices by liquid scintillation counting. 

(# RAME and Staph a immunoprecipitate; (O O), control im- 

munopredpitate with use of normal rabbit ^ and Staph a. Rr of m.w. 
standards, run on a companion gel. is shown by arrows. 




Figure 3. Analysis of Immunopreclpltated B cell Fc.R. Purified B cells 
(2 X 10*) were surface labeled and Incubated with 1 mg IgE for 2 hr on 
m. Washed cells were (a) solubilized. and lgE/Pc.R complexes were 
immediately Immunopreclpltated or (b) Intact cells were treated with 
DTSSP before solubillzaUon with lysis buffer and specific Immunoprecip- 

itation. Densitometrlc scans of SDS-PAGE analyses are shown. | ) and 

( ). reduced and unreduced samples, respectively. 

solubilized in lysis buffer immediately after washing. 
With both groups of cell lysates. the IgE/Fc.R complex 
was immunoprecipitated and analyzed by SDS-PAGE. 
Figure 3 demonstrates that in the absence of cross-link* 
ing, the 49kd component, previously described to be the 
B cell Fc.R. can be copreclpltated with IgE and anti-IgE. 
It should be noted that immunoprecipitation was allowed 
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to occur Immediately after clarification of the cell lysate 
to minimize dissociation. Figure 3b shows that If IgE is 
cross-linked to B cells with DTSSP before solubilization 
of the Fc.R. the 49kd band disappears and a single un- 
resolved high m.w. band appears at the top of the gel. 
Upon disulfide reduction, four major bands are seen: one 
is the 49kd Fc,R, and the remaining three correspond to 
ft, d, and L chains from B cell sig. These bands have 
exactly the same relative migration as ^* £ind L chains 
from specific immunoprcclpltates performed as de- 
scribed (5) and. in addition, are not present if sIg Is shed 
before cross-linking is performed (see Fig. 6). 

To determine if the observed cross-linking would occur 
if the membrane was disrupted before the cross-linking 
procedure, we cross-linked rat IgE by DTSSP to the B cell 
Fc,R either before or after solubilization in PO4 lysis 
buffer. As can he seen in Figure 4, If the B cell is solubi- 
llzed before the cross-linker was administered, the iso- 
lated Fc.R sample contained very little sIg. Indicating that 
any potential Interaction between sIg and the FcJR is 
abrogated by detergent solubilization. 

We next attempted to define the relationship between 
the receptor and sIg by determining the percentage of sIg 
that would become cross-linked to the Fc.R and. con- 
versely, the percentage of Fc.R that would cross-link to 
slg. A sample of surface-labeled B cells was solubilized. 
the extract was immunoprecipitated with anti-mouse Ig. 
and the amount of radiolabeled slg was determined. The 
remainder of the labeled B cell preparation was incubated 
with IgE, and the Intact cells were treated with 5 mM 
DTSSP as in Figure 3b. After solubilization, the immu- 
noprecipitated complex was examined by SDS-PAGE. and 
analysis of densltometric scans Indicated that approxi- 
mately 9% of the total slg was cross-linked to the Fc«R 
(Table 1). Because the number of slg molecules per B cell 
is about one order of magnitude higher than the number 
of Fc.R molecules per B cell (3. 20). the data suggest that 
a relatively high percentage of the FcJR molecules are 
becoming cross-linked to slg. This suj^estion was tested 
by the following experiment. Antl-DNP mouse Ig^ was 
cross-linked to intact B cells, and the Ig£-containing 
complexes were Isolated by affinity chromatography on 
a TNP-coated column (see Materials and Methods], The 
eluted material was divided Into two equal portions: slg 
was removed from one portion by successive immunopre- 
cipitation with anti-^ and antI-5, and the IgE/Fc,R com- 
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Figure 4. Cross-Unklng of B cell FcM after solubilization. Conditions 
were same as Figure 3b except that ceils were solubilized in PO4 lysis 
buffer before treaUng with OTSSP. SDS-PAGE analysis of reduced IgE/ 
FcR ImRiunoprecipltate Is shown. 



TABLE r 

Analysis qf the cross-linked complex 

Percent Croaa-Unkcd Percent Fejl 

^^<^*^ Cross-llnked 



Intact cells" 10.5 8.5 9.0 59.5 
Solubtlized cells 0.5 0.3 0.4 ND^^ 

"Values determined by weighing Individual peaks from SDS-PAGE 
densltometric scans of ^-FcR-speciflc or mouse slg-speclflc Immuno- 
precipitates, calculating cpm attributable to each component, and ex- 
pressing values as slg In Ig^-Pc^ immunopreclpitates as a percent of 
total slg. 

■"Values determined as above with percent of FcR cross-Unked to s^ 
expressed as: lOO — percent of receptor remaining after removal of slg by 
antl-IgM and antl-Igp. 

« Values g^ven represent the mean of two experiments. 

** Not done. 

plex was immunoprecipitated from both portions with 
the use of RAME and Staph a. Comparison of the Fc.R 
bands in the SDS-PAGE analysis of these samples indi- 
cated that to 60% of the receptor was removed by 
the antl-slg immunoprecipitation treatment (Table I). In 
separate control experiments, the isolated slg/IgE/Fc.R 
complexes were not removed by rabbit IgG Affl columns, 
confirming that the anti-Ig treatments were not removing 
any Fc,R by an Fc-mediated process. 

Receptor-associated proteirUs) in B cells. We next 
wanted to determine if components analogous to the 0- 
and 7-chains of the RBL Fc.R are present in the B cell 
systems. The experiment described by Flg^^e 1, namely 
isolation of the hlgh-afflnlty FcR complex after solublli- 
zaton and cross-linking of receptor bound to amidinated 
IgE. is analogous to the method employed by Holowka et 
al. (7), who first demonstrated the existence of the ff 
component. In preliminary experiments It was deter- 
mined that amidinated IgE did not interact well with the 
B cell Fc,R, preventing its use for the isolation of B cell 
Fc«R. This observation prompted the development of al- 
ternative means of cross-linking to determine the pres- 
ence of components buried in the membrane. One such 
method takes advantage of the membrane impermeabil- 
ity of the two cross-linkers, DTSSP and BS^. Because the 
putative and y components of the B cell Fc,R would be 
burled within the membrane, the use of a double cross- 
linking method should demonstrate its presence. Thus, 
purified B cells or RBL cells were Incubated with rat IgE. 
After washing In PO4 buffer to remove unbound IgE. the 
cells were treated with excess DTSSP to cross-link IgE to 
the receptor. The cells were then solubilized with PO4 
l3^1s buffer, and the clarified lysate was treated with BS^, 
followed by immunoprecipitation and SDS-PAGE in the 
presence of 2-ME. It was anticipated that reduction would 
cleave the DTSSP. causing separation of those compo- 
nents cross-linked on the cell surface, specifically IgE 
from the surface accessible part of the receptor, and that 
any components that were associated within the mem- 
brane would appear as cross-linked products because of 
the noncleavable characteristics of BS^. That this is true 
with the RBL cell Fc.R is shown in Figure 5, where it can 
be seen that when both DTSSP and BS^ were used in this 
manner, the high m.w. band consisting of cross-linked 
a, 0, and y components was seen. Interestingly, when the 
murine B cells were treated in such a manner, there was 
no difference between the single or double cross-linked 
products, i.e.. no appearance of a high m.w. band analo- 
gous to the RBL situation (data not shown). However. 
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Figure 5. Double cross-Unldng of RBL Fc^. Surface-labeled RBL cells 
were saturated wttb rat IgE. Washed cells were treated with 10 mM 
DTSSP over 1-hr period: alter solubilization, cells were divided Into two 
portions. One group was treated with 5 mM BS^ for 30 mln on ice: second 
group received buffer only. SDS-PAGE analysts of reduced sample treated 
with both cross-linking reagents is shown; sample treated with only 
DTSSP gave gel pattern similar to that shown In Figure 1 A. 
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Figure 6. Double cross-Unklng of B cell Fc,R. B cells were first stripped 
of alg by treatment with F(ab')3 (see Resutts), Cells were then surface 
labeled, saturated with rat IgE, and treated either with (A) DTSSP or (0) 
with both DTSSP and BS^ as in Figure 5. SDS-PAGE analysis of Isolated 
IgE/Fc« precipitates, after reduction, is shown. 

because of the presence of and d-chalns from B cell sig 
(see above) In the region where the cross-linked product 
might he seen. It Is possible that these proteins obscured 
visuallzaton of the cross-linked product. Therefore, the 
experiment was repeated after first causing the shedding 
and/or internalization of sIg by incubation of the cells 
with a predetermined optimal amount of F(ab')2 anti- 
mouse Ig for 30 mln at 37°C. Under these conditions, 5% 
of the B cell preparation remained slg+ as compared with 
78% slg+ in the untreated control as determined by stain- 
ing with fluorescein isothiocyanate (FITC)-antl-mouse lg> 
Figure 6 shows the double cross-linking experiment per- 
formed with these cells, and again, there appears to be 



little difference between the single or double cross-linked 
products with respect to the 49kd Fc,R entity. 

Cross-Unking experiments with the purified FcJ^. 
Previous work has demonstrated that both the RBL Fc.R 
(21) and the B cell rc,R (2. 5) can be purified to near 
homogeneity with respect to the surface-labeled compo- 
nents by affinity chromatography on IgE-coated adsorb- 
ents. Thus, we next attempted to confirm the results of 
the double cross-linking study by performing cross-link- 
ing experiments on affinity-purified FcR preparations 
from RBL cells and B cells. The isolation of the surface- 
radiolabeled B cell Fc.R via IgE conjugated to a solid 
matrix (IgE-Affi) has been shown to isolate predomi- 
nantly a single 49kd band by SDS-PAGE (5). Isolation of 
the RBL Fc.R by similar methods reveals only the -SSK 
surface labeled a component. It is not clear from previous 
work (see Discussion) whether the p and y subunlts of 
the receptor remain associated with the a-IgE complex 
under the acid elution conditions used. Thus, RBL cells 
were surface labeled, and the radiodinated a component 
was eluted from an IgE-Affi column, immediately neu- 
tralized, and treated with 10 mM DTSSP (final concen- 
tration) as described in Materials and Methods, The 
cross-linked material was examined by SDS-PAGE. and 
as can be seen in Figure 7, very little (<10%) of the a 
component was cross-linked to form the '^^lOOkd a, /9, 7 
complex under these conditions. As a control, the same 
experiment as described in Figure IB was performed 
except that the cells were solubilized in the acetic acid/ 
HEPES/NP-40 mixture that was used in the acid elutlon 
protocol. Results exactly analogous to those shown In 
Figure IB were obtained, indicating that this buffer sys- 
tem can support cross-linking. Thus, these results indi- 
cate that the majority of and/or y is dissociated from 
the a component by the acid elutlon purification proce- 
dure and, in addition, indicate that there is no association 
between a components under these conditions to yield 
higher m.w. oligomers. In addition, these results support 
published reports that demonstrated monovalency of the 
high-affinity Fc,R (22). 

Figure 8 demonstrates the results of cross-linking the 
B cell Fc,R In the NP-40-contaInIng system. It is clear 
that the low-affinity Fc,R Is susceptible to cross-linking 
in the NP-40 system but that, in accord with the double 
cross-linking experiments, there is no band equivalent to 
the lOOkd RBL Fc«R complex. Rather, the 49kd compo- 




Figure 7. Cross-llnlclng of RBL Fc.R after affinity puriflcaUon. FcJR 
from 4x10^ surface-labeled RBL cells was isolated by affinity chroma- 
tography on IgE-Affl. Purified FcR was then treated with 3 mM DTSSP 

and subsequently analyzed by SDS-PAGE. ( 1 reduced and ( ) 

unreduced samples, respectively. 
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Figure 8, Cross-Unklng of B cell FcJR after affinity purtflcaUon. B cell 
Fc«R from 4 x 10* surface-labeled B cells was isolated by affinity chro- 
matography on t^-Af f I. One-half of initial purified Fcjl preparaUon was 
subjected to a second cycle of affinity chromatography on Ig:E-Affl. Both 
FcR preparations were then treated with 3 mM DTSSP and examined by 
SDS-PAGE. (A) Fcjl preparation after one cycle on IgE-Affl and (J3) after 
tw«>-stage IgE-Affi purification procedure. ( ) reduced and ( 1 un- 
reduced samples, respectively. 

nent becomes cross-linked to form two higher m.w. 
bands, a large peak at 160kd and a small peak above the 
200kd marker. Upon reduction, the majority of the radl- 
olabel migrates as the 49kd Fc,R. Successive rebinding 
to IgE adsorbents with subsequent elution has been 
found to be an effective way to further purify Fc receptors 
to near homogeneity, even with biosynthetlcally labeled 
preparations (16). As can be seen in Figure 8A, the Fc.R 
preparation contains additional surface labeled material, 
the most prominent of which is the 84kd band obtained 
under reducing conditions. Thus, the B cell Fc,R was 
further purified by a second cycle of binding and elution 
with IgE-Affi. and the final eluate was cross-linked with 
DTSSP. This highly purified Fc,R remains susceptible to 
cross-linking (Fig. 8B): the majority of the Fc.R now 
migrates as a 160kd component. 

DISCUSSION 

To facilitate the continued comparisons of the hlgh- 
and low-affinity Fc,R, we undertook the cross-linking 
studies outlined in this report. We first sought to test BS^ 
and DTSSP In our system, using the high-affinity Fc«R 
on RBL cells. As mentioned previously, the surface-ex- 
posed IgE-binding part of the high-affinity FcR (a) is 
known to be associated with two other components that 
are not thought to be accessible to the cell surface: /3, a 
35kd nonglycosylated polypeptide (7), and 7, a 20kd di- 
sulf ide-llnked dlmer that Is also burled in the membrane 
(8). When intact cells were used. IgE was cross-linked to 
the a component in efficiencies ranging as high as 80% 
(data not shown). Amidlnatlon of the IgE largely blocked 
the IgE-a cross-linking, however; when Intact cells were 
used, cross-linking of a to /3 and y was not seen (Fig. 1 A). 
Solubilization of the cells before the addition of cross- 
linker allowed efficient cross-linking of a to a higher m.w. 
form (Fig. IB), which was shown by blosjmthetic labeling 
studies to contain only the three receptor components 
(Fig. 2). The m.w. of the three components is in reason- 
able agreement with previously published m.w. estimates 
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of a (the high degree of glycosylaton makes the m.w. for 
a dependent on the gel system used (23)), 0, and 7 (7. 8). 
Vectorial labeling techniques and protease digestion 
studies (24) have previously Indicated that and 7 were 
not exposed to the cell surface; thus, the results herein 
support this notion while confirming the membrane im- 
permeant nature of DTSSP and BS^. 

We next sought to use these cross-linking reagents In 
the murine B cell Fc,R system, with the overall objective 
of comparison of the Fc.R in the two systems. First, 
surface cross-linking events were investigated and it was 
found that IgE could be cross-linked to the Fc«R (Fig. 3b) 
in that all of the 49kd Fc,R component was incorporated 
into a high m.w. complex at the top of the gel. However, 
a surprise was that some sig also became cross-linked to 
the IgE/FcJl complex. Interestingly, this laboratory pre- 
viously reported that some sIg co-isolates with the Fc.R 
on IgE Sepharose (5): however, this sIg was not present 
If the affinity adsorbent was IgE-Affi, possibly because 
the spacer group on the IgE-Affi allows very efficient 
washing. Under these cross-linking conditions, approxi- 
mately 10% of the total sIg is found in the final cross- 
linked product, suggesting that the sIg/lgE-Fc.R cross- 
linking is a relatively common phenomenon (Table I). 
Depletion of the sIg In the purified complexes indicated 
that about 60% of the IgE-Fc,R was becoming cross- 
linked to sIg. 

The association of various cellular macromolecules 
with membrane Ig has been reported (25, 26). Indeed. 
Koch and Haustein (26) demonstrated a product of similar 
m.w. to the Fc«R that co-isolated with sIg after cross- 
linking studies. However, their observations that the 
cross-linking occurred only with sIgM is not borne out in 
this study. The interaction between IgE-Fc.R and sIg Is 
apparently not maintained if the B cell membrane Is 
disrupted before cross-Unking: co-lsolatlon of sIg is then 
almost completely abrogated (Fig. 4). In this light. Dickler 
(see Reference 27 for review) has described an interaction 
between the antigen receptor (sIg) and FC7R on B cells; 
interestingly, it was found that there is a requirement for 
ligand occupancy by both types of receptor in order for 
this interaction (co-capping) to occur (28). With the Fc.R/ 
IgE system on B cells, shedding or internalization of sIg 
as induced by F(ab')a anti-mouse Ig does not decrease the 
percentage of cells that are Fc,R+ as determined by ro- 
sette analysis (data not shown). At this point, we cannot 
determine the relevance of this interaction to receptor or 
B cell function; however, experiments are In progress to 
test the effect of ligand (Ig£) occupation on the Fc«R-sIg 
association In this system and to determine if quantita- 
tively the number of Fc.R molecules per cell decreases 
when sIg is shed from the cells. 

The ability to cross-link IgE to the Fc.R and Immuno- 
preclpitate by antl-IgE allows the investigation of the 
subunlt structure of the low-affinity receptor. Recently. 
Finbloom and Metzger (29) demonstrated the presence of 
a 35kd component that becomes cross-linked with the 
low-affinity Fc.R on rat macrophages and suggested that 
this component is analogous to the component found 
as part of the hlgh-afflnity RBL Fc.R. In light of this 
observation* they postulated that the Ig binding protein 
(l.e., Fc receptor) for various \g was associated with a 
35kd iS-Uke component buried in the membrane. To in- 
vestigate this possibility with regard to the murine B cell 
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Fc.R, we took advantage of the membrane impermeability 
of the cross-linking reagents DTSSP and BS^. By employ- 
ing DTSSP with intact B cells, we anticipated that the 
lysyl and arginyl residues available to cross-link IgE to 
the Fc«R would be completely reacted with the DTSSP 
reagent. Solubilization of the cells and the cross-linking 
with BS^ would allow intramembrane-associated com- 
plexes to become available for covalent coupling that 
would be unaffected by reducton with 2-ME. This ap- 
proach was first tested by cross-linking the high-affinity 
Fc<R complex of RBL cells. If both cross-Unking reagents 
are employed, upon reduction and sep»aratlon of the com- 
ponent from IgEt there is a shift to the higher m.w. form 
that was shown to be the a. fi, 7. complex (Fig. 4). The 
double cross-linking experiment was performed on mu- 
rine B cells both with (Fig. 6) and without first removing 
sig by shedding. In both situations, the 49kd Fc.R is 
present and there is no evidence for a cross-linked com- 
plex analogous to the RBL, a, fi, y complex. Similar ex- 
periments to those reported in this study were performed 
on the 8866 human B lymphoblastoid Fcjl, yielding the 
same conclusion with respect to fi/y analogues (Peterson 
and Conrad, unpublished observations). Thus, our re- 
sults would tend to argue against the presence of a recep- 
tor-associated fi/y analogue in the B cell system and 
would suggest that the B cell Fc«R is structurally dissim- 
ilar to both the high-affinity mast cell/basophil receptor 
and the low-affinity macrophage Fc.R. However, some 
precautions must be mentioned. There is an increased 
amount of material that does not enter the gel when the 
double CFoss-linklng system is used with both RBL cells 
and B cells (Figs. 5, 6). The most hkely explanation is 
that there is still a certain amount of cross-Unking of 
receptor to IgE via BS® because the DTSSP treatment did 
not saturate all of the reactive sites. In addition, there 
exists the possibility that there is a very high m.w. non- 
surface-labeled component that cross-links to the recep- 
tor and forms too large a complex to enter the gel. Another 
point is that the DTSSP used to form the receptor-IgE 
cross-links depletes those same groups that are involved 
in cross-linking the binding protein to the associated 
protein. However, it is clear that the double cross-linking 
methodology does work with the RBL cell, although with 
a lower efficiency than with the single cross-linking re- 
agent (Fig. 1 vs Fig. 5). 

The cross-Unking of the Fc,R after affinity isolation 
provides some interesting information. With the high- 
affinity Fcji on RBL ceUs. purification by the extensive 
washing and acid elution conditions used herein evi- 
dently caused extensive dissociation of the a, y receptor 
complex. Only a relatively small amount of cross-linking 
to the '^lOOkd complex is seen after affinity purification 
(Fig. 7). The stability of the a, /3. y complex is known to 
be enhanced by the maintenance of a critical phospho- 
Hpid/detergent ratio (30), and in separate experiments 
(Lee and Conrad, unpublished observations) the addition 
of phospholipids to the isolation system gave definite 
improvement to the results seen in Figure 7 in that up to 
40% of the a was cross-linked to the 1 OOkd a,P,y complex 
(data not shown). There are some data suggesting that at 
least the 0 component can be isolated by repetitive affin- 
ity chromatography by using acid elution conditions sim- 
ilar to those used in this study (31); however, cross- 
Unking reagents were not used in those studies, and thus. 



efficiency of isolation cannot be determined. In these 
experiments there was no evidence for a-a cross-Unking, 
in agreement with the monovalency determination of this 
FcR (22). 

The B ceU Fc.R does clearly cross-link to defined higher 
m.w. components in these studies (Fig. 8). No component 
indicative to an a. 7 complex Is seen, and preliminary 
studies indicate that inclusion of phospholipid in the 
detei^ent systems does not change this result. The puri- 
fied B cell FcR cross- links to a component that migrates 
as a 160kd component and, to a lesser extent, to a com- 
ponent that migrates slightly ahead of the 200kd marker. 
The cross-linking to form the 160kd component occurs 
even after a second cycle of affinity isolation of IgE-Aff I. 
At this stage, the Fc.R is highly purified: similar studies 
have demonstrated that blosjmthetically labeled Fc re- 
ceptors are purified to near homogeneity by this repetitive 
affinity chromatography procedure (16). Thus, the pos- 
sibility that the 160kd component is the result of the 
49kd Fc.R becoming cross-linked to unlabeled or weakly 
labeled additional components seems unlikely: however, 
this possibiUty is at present being further investigated 
with regard to the one-stage purified Fc.R and the >200kd 
cross-linked product seen in Figure 8A. It is tempting to 
speculate that the 160kd component Is a trlmer of the 
49kd Fc.R. In an earlier study, the murine B cell Fc.R 
was shown to be multivalent in detergent solution (6). 
Those data were most consistent with a divalent mode: 
however, because of dissociation, divalency was only an 
approximation. Assuming that the cross-linked product 
does represent the multivalent receptor, it can be con- 
cluded that the cross-linking between the different Fc,R 
components is occurring at sites that would be exposed 
on the surface of the cell, because essentially the same 
amount of 49kd receptor is recovered when either single 
or double cross-linking experiments (Fig. 6) are per- 
formed. 
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